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Objectives: The role of the microcirculation in the pathogenesis of osteoarthritis (OA) remains unclear.
This prospective cohort study examined the association between retinal vascular calibre and incidence of
knee replacement for OA.
Design: 1838 participants of the Australian Diabetes, Obesity and Lifestyle (AusDiab) Study had retinal
vascular calibre measured using a nonmydriatic digital fundus camera in 1999e2000 and were aged 40
years at joint replacement data collection commencement. The incidence of knee replacement for OA
during 2002e2011 was determined by linking cohort records to the Australian Orthopaedic Association
National Joint Replacement Registry (AOANJRR).
Results: 77 participants underwent knee replacement for OA. They had narrower retinal arteriolar calibre
compared with those without knee replacement (166.1 ± 24.8 mm vs 174.3 ± 24.5 mm, P ¼ 0.004). For
every one standard deviation reduction in retinal arteriolar calibre, the incidence of knee replacement
increased by 25% (HR 1.25, 95% conﬁdence interval (CI) 1.00e1.56). Participants in the narrower two-
thirds of arteriolar calibre had twice the risk of knee replacement compared with those in the widest
one-third (HR 2.00, 95% CI 1.07e3.74, P ¼ 0.03) after adjustment for sex, body mass index (BMI), physical
activity and HbA1c. There was no association for retinal venular calibre.
Conclusions: Retinal arteriolar narrowing is associated with increased risk of knee replacement for OA
suggesting that further work is warranted to determine the role of the microcirculation in the patho-
genesis of knee OA.
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90-30556.
(S.M. Hussain), yuanyuan.
di.edu.au (J.E. Shaw), dianna.
tien_yin_wong@nuhs.edu.sg
a), segraves@aoanjrr.org.au
ﬂavia.cicuttini@monash.edu
ternational. Published by Elsevier LIntroduction
There is increasing evidence suggesting an association between
vascular disease and osteoarthritis (OA)1,2. The Rotterdam study
found that increased intima media thickness of the carotid artery, a
subclinical marker of large vessel atherosclerosis, was associated
with increased prevalence of knee OA and progression of hand OA
in women1. In the women of the AGES Reykjavik Study, carotid
plaque and coronary calciﬁcation were associated with increased
severity of hand OA2. Increased popliteal artery wall thickness,
another measure of large vessel atherosclerosis, was associatedtd. All rights reserved.
Table I
Characteristics of study population
No knee
replacement
(n ¼ 1761)
Knee
replacement
(n ¼ 77)
P value
Age at baseline (years) 60.3 ± 12.1 65.0 ± 7.5 0.001
Age at 1 January 2002 (years) 62.5 ± 12.1 67.4 ± 7.5 0.001
Female, n (%) 965 (54.8) 39 (50.7) 0.47
BMI (kg/m2) 28.6 ± 5.6 31.4 ± 5.5 <0.001
Physical activity, n (%) 0.20
Sedentary 376 (21.5) 23 (29.9)
Insufﬁcient 572 (32.7) 24 (31.2)
Sufﬁcient 803 (45.9) 30 (39.0)
HbA1c (%) 5.7 ± 1.2 5.8 ± 1.1 0.35
Systolic blood pressure (mm Hg) 138.4 ± 20.2 149.0 ± 18.3 <0.001
Total cholesterol (mmol/L) 5.7 ± 1.0 5.7 ± 1.0 0.63
Microalbumin (mg/L) 33.5 ± 118.0 20.1 ± 55.6 0.34
Retinal arteriolar calibre (mm) 174.3 ± 24.5 166.1 ± 24.8 0.004
Retinal venular calibre (mm) 205.0 ± 23.2 198.4 ± 21.6 0.01
Data presented as mean ± SD or no (%).
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disease is involved in the pathogenesis of OA possibly through
reduced nutrition to the joint. However, little work has examined
the role of microcirculation in OA.
The microcirculation, including the arterioles, capillaries, and
venules, optimizes nutrient and oxygen supply within tissues in
response to metabolic demand variations4. Some of the earliest
manifestation of cardiovascular disease occurs in the microcircu-
latory bed4. Abnormal microcirculation is common among the
conventional cardiovascular risk factors, including hypertension,
diabetes, obesity, and dyslipidemia4 which are risk factors for OA5.
The retinal vasculature provides a unique window to assess the
microcirculation noninvasively and directly6 and it has been asso-
ciated with clinical and subclinical cardio-metabolic outcomes
including hypertension7,8, dyslipidaemia7, and diabetes8. The pur-
pose of this study was to examine the association between retinal
vascular calibre and the incidence of knee replacement for OA.
Patients and methods
The Australian Diabetes, Obesity and Lifestyle (AusDiab) Study is
a population-based, national prospective cohort study of 11,247
people, aged 25 years, recruited during 1999e20009. 2476 par-
ticipants (having diabetes or impaired glucose metabolism, and a
random samplewith normal glucose tolerance) who participated in
the baseline complications survey had retinal vascular calibre
measured and were included in this study10. They were older
(60.5 ± 12.0 vs 54.8 ± 11.9 years), had higher HbA1c level (5.7 ± 1.2
vs 5.2 ± 0.5), systolic blood pressure (138.9 ± 20.1 vs
130.0 ± 18.6 mm Hg), and body mass index (BMI) (28.7 ± 5.6 vs
26.8 ± 4.7 kg/m2) (all P < 0.001) than non-participants. We
restricted our analysis to those aged40 years at joint replacement
data collection commencement (n ¼ 1838) since joint replacement
as treatment of OA is very uncommon under this age.
Data on date of birth, sex, and physical activity (sufﬁcient,
150 min per week, insufﬁcient, <150 min per week, or sedentary,
0 min per week) were collected by trained interviewers9. Height
andweight weremeasured using standard protocols; systolic blood
pressure measured with dinamap/mercury sphygmomanometer;
HbA1c measured by Boronate afﬁnity high performance liquid
chromatography; serum total cholesterol measured by enzymatic
method; and urine protein measured by immunoturbidimetric
method (Olympus AU600 analyser)9.
Retinal photographs of both eyes were taken using a non-
mydriatic digital fundus camera10. Retinal vascular calibre was
measured using a validated computer-based program10. For each
photograph, the average arteriolar and venular calibre was sum-
marized as central retinal artery equivalent and central retinal vein
equivalent, respectively10. Reproducibility of this method was high,
with intra- and inter-grader intra-class correlation coefﬁcients
0.78e0.9910.
The Australian Orthopaedic Association National Joint Replace-
ment Registry (AOANJRR) collects information on prostheses, pa-
tient demographics, type and reason for joint replacement, with
almost complete data on joint replacement in Australia11. Linking
AusDiab records to AOA NJRR identiﬁed those who had a primary
joint replacement performed between 1 January 2002 and 31
December 2011. Knee OA was deﬁned as the ﬁrst primary knee
replacement for OA. For those with multiple joint replacements,
only the ﬁrst recorded knee replacement was considered. Data
linkage study was approved by the Alfred Hospital, University of
Adelaide and Monash University Human Research Ethics Commit-
tees. All participants gave written informed consent.
Cox proportional hazard regression models were used to esti-
mate the hazard ratio (HR) and 95% conﬁdence interval (CI) for theincidence of knee replacement due to OA associated with retinal
vascular calibre, with age as the time scale. Follow-up for joint
replacement (calculation of person-time) began 1 January 2002, and
ended at the date of ﬁrst knee replacement for OA or date of
censoring. Participantswere censored at either the date of ﬁrst knee
replacement for indications other than OA, the date of death, or end
of follow-up (December 31, 2011), whichever came ﬁrst. Retinal
vascular calibrewas standardized so that HR represents the effect of
a one-standard-deviation difference in calibre. Retinal vascular
calibre was also categorized into tertiles based on the analysis
sample with widest tertile used as the referent category. Linear
association between retinal vascular calibre and knee replacement
risk was examined using the likelihood ratio test. Each analysis was
adjusted for sex and BMI, and further adjusted for physical activity,
HbA1c, and cardiovascular risk factors (systolic blood pressure, total
cholesterol and microalbuminuria). All statistical analyses were
performed using Stata 12.0 (StataCorp LP., College Station, TX, USA).
Results
Over the 8.7 (SD 2.7) years of follow-up, 77 knee replacements
for OA were identiﬁed. Characteristics of the study participants are
presented in Table I.
After adjusting for sex, BMI, HbA1c and physical activity, 1
standard deviation reduction in retinal arteriolar calibre was
associated with a 25% increased incidence of knee replacement (HR
1.25, 95% CI 1.00e1.56) (Table II). When retinal arteriolar calibre
was examined as a categorical variable, HR was 1.98 (95% CI
1.00e3.92) for the narrowest and HR 2.02 (95% CI 1.03e3.94) for the
middle tertile, with widest tertile the referent group. Further
adjustment for the cardiovascular risk factors did not change the
associations. As there was no evidence for a linear association, the
narrower two tertiles were combined and compared with the
widest tertile. Participants with narrower two-thirds of arteriolar
calibre had a 2 times increased risk of knee replacement compared
with those with widest one-third of arteriolar calibre (HR 2.04, 95%
CI 1.10e3.79, P ¼ 0.02) (Supplementary Fig. 1). This association
remained unchanged after adjustment for sex, BMI, physical ac-
tivity and HbA1c (HR 2.00, 95% CI 1.07e3.74, P ¼ 0.03). There was
no association observed for retinal venular calibre.
Discussion
We found that narrower retinal arteriolar calibre, but not retinal
venular calibre, predicted an increased risk of knee replacement for
Table II
Association between retinal vascular calibre and incident knee replacement for OA
Number at risk Events (%) HR (95% CI) P HR (95% CI) P HR (95% CI) P
Model 1* Model 2y Model 3z
Retinal arteriolar calibre
Standardized retinal arteriolar calibre 1.23 (0.98e1.54) 0.07 1.25 (1.00e1.56) 0.05 1.27 (1.00e1.59) 0.05
Tertile 1: 165.3 mm 612 5.2 1.94 (0.98e3.83) 0.04 1.98 (1.00e3.92) 0.05 1.99 (1.00e3.96) 0.05
Tertile 2: >165.3e184.6 mm 614 5.4 2.02 (1.03e3.93) 0.06 2.02 (1.03e3.94) 0.04 1.97 (1.00e3.85) 0.05
Tertile 3: >184.6 mm 612 2.0 1.00 1.00 1.00
Retinal venular calibre
Standardized retinal venular calibre 1.21 (0.95e1.54) 0.12 1.22 (0.95e1.56) 0.11 0.86 (0.67e1.10) 0.22
Tertile 1: 195.0 mm 612 6.2 1.53 (0.86e2.70) 0.15 1.53 (0.87e2.72) 0.14 1.42 (0.80e2.53) 0.24
Tertile 2: >195.5e214.8 mm 614 3.3 0.79 (0.42e1.50) 0.47 0.77 (0.45e1.48) 0.45 0.77 (0.40e1.48) 0.43
Tertile 3: >214.8 mm 612 3.1 1.00 1.00 1.00
* Adjusted for sex and BMI.
y Adjusted for sex, BMI, physical activity, and HbA1c.
z Adjusted for sex, BMI, physical activity, HbA1c, systolic blood pressure, total cholesterol and microalbuminuria.
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cardiovascular risk factors.
While previous studies have shown an association between
macrocirculation and OA risk1e3, only one cross-sectional study
reported an association between microcirculation and early struc-
tural changes of OA12. A wider retinal venular calibre was associ-
ated with increased risk of knee bone marrow lesions (BML) in an
asymptomatic population12. In contrast, we found an association of
narrower retinal arteriolar calibre but not wider retinal venular
calibre with knee replacement risk. The discordant ﬁndings may be
due to the different stages of OA process. The previous study of an
asymptomatic population found that wider venular calibre, which
is associated with inﬂammation, was associated with BML, a pre-
dictor of cartilage loss13. This current study found a relationship
between smaller arteriolar calibre and increased incidence of knee
replacement for OA, i.e., the symptomatic end-stage OA where
signiﬁcant cartilage loss has already occurred. These results suggest
that microcirculation has a different role in healthy knee/early OA
and late stage OA. Given the evidence that risk factors for OA pro-
gression are not the same as those for OA development, our ﬁnd-
ings support the notion that atheromatous vascular disease is
important in the progression of OA13. Retinal arteriolar calibre is a
measure assessing microcirculation with narrower arteriolar
calibre associated with higher blood pressure7,8, obesity7, dyslipi-
daemia7, diabetes8, and coronary heart disease7,8. These cardio-
metabolic abnormalities have been linked with knee OA5. Our
study showed an association between narrower retinal arteriolar
calibre and increased risk of knee replacement for OA independent
of these cardio-metabolic factors.
While the mechanisms for the relationship between knee OA
and narrower arteriolar calibre which reﬂects generalised micro-
vascular pathology6, are unknown, it may be due to impaired tissue
perfusion in the synovium and subchondral bone. Articular carti-
lage is avascular, it depends on synovial ﬂuid and subchondral bone
for nutrition and for structural support14. The supply of glucose,
oxygen and water requirements of articular cartilage are provided
by perfusion from synovial ﬂuid and subchondral vessels14. Syno-
vium, a highly vascular tissue with arterioles, capillaries and ve-
nules, produces synovial ﬂuid and is the main source of nutrition
for articular cartilage15. Narrower arterioles in synovium result in
localised hypoxia that stimulates angiogenesis, development of an
immature vasculature and inﬂammation predictive of cartilage
damage and catabolic effects on chondrocytes in OA15. Bone is a
highly vascular structure and its growth, repair and metabolism as
well as modelling and remodelling highly depend on blood ﬂow
and haemopoiesis14. Ischaemic episodes in the subchondral bone
lead to increased bone resorption and subsequent articular damagein OA14. Therefore it is likely that narrowing of arterioles impairs
the integrity of subchondral bone and the supply of oxygen and
nutrients to the overlying cartilage plate, resulting in subsequent
cartilage damage14. Moreover, the knee depends on soft tissue and
neuromuscular control for its stability. Arteriolar narrowing may
also affect soft tissue integrity. There is evidence that arteriolar
narrowing is associated with decreased perfusion of skeletal mus-
cle, resulting in muscular atrophy16. Our ﬁndings support the
notion that the microcirculation is involved in the pathogenesis of
knee OA through arteriolar narrowing.
This study should be considered in context of its limitations. The
AusDiab participants did not have knee x-rays. We used knee
replacement for OA, rather than Kellgren Lawrence grade 2 to
deﬁne knee OA. Some individuals without knee replacement may
have had radiographic OA, resulting in misclassiﬁcation of knee OA.
However this is likely to be non-differential misclassiﬁcation and
underestimate the associations. Although joint replacement due to
OA will only identify the tip of the iceberg of OA, it has the
advantage of recognising severe OA which has an unambiguous
connectionwith disease burden. Joint replacement is inﬂuenced by
a number of factors such as access to health care, socioeconomic
status, and preference of the patient, in addition to disease severity.
This study was carried out in Australia where there is universal
health cover, so access to joint replacement is available to all with
knee structural change is a risk factor for knee replacement in this
setting17. Nevertheless, it must be acknowledged that joint
replacement and the pathogenesis of OA represent different stages
of the process, one that occurs late in the disease and the other that
occurs early in the disease process, before the disease is even
clinically manifest. We have performed analysis with age as the
time scale and adjusted for sex, BMI, physical activity and other
metabolic factors. We did not have replacement data prior to 2002.
This may have resulted in non-differential misclassiﬁcation of joint
replacement which is likely to bias the results to the null. AusDiab
data does not have measurement of middle-sized peripheral ar-
teries, so we could not compare retinal vascular calibre with
middle-sized artery atherosclerosis in relation to OA. We did not
ﬁnd a linear relationship between retinal arterial calibre and risk of
knee replacement. However, a linear relationship is not an essential
criterion for assessing causality and it depends on the mechanism
of action of the risk factor18. There may be selection bias since our
study population was enriched for those most likely to have dia-
betes. Therefore caution should be taken to generalize the ﬁndings
to the general population. When stratiﬁed analysis was performed
based on diabetic status, we found similar association between
retinal arteriolar narrowing and risk of knee replacement for OA
irrespective of diabetes (data not shown). Examination of knee
S.M. Hussain et al. / Osteoarthritis and Cartilage 23 (2015) 589e593592replacement for OA was not the primary goal of the AusDiab study.
The results must be taken in context of the whole body of evidence.
The ﬁndings of this study add to the current knowledge regarding
microvascular changes linked to the risk of knee OA after control-
ling for potential confounders. Although the ﬁndings of this study
add to the current knowledge that altered microcirculation may
play a role in the development and/or progression of knee OA,
further research is needed to conﬁrm the association as it must be
acknowledged that association does not mean causation. The
strengths of our study include its prospective design, use of a
validated computer software program to measure retinal vascular
calibre, and the validation and completeness of AOA NJRR data11.
This study showed an association between retinal arteriolar
narrowing and increased risk of knee replacement for OA, sug-
gesting that the role of microcirculation in the pathogenesis of knee
OA warrants further investigation. Although more work is needed
to conﬁrm the association, modiﬁcation of microcirculation via
lifestyle and pharmacological interventions may represent a po-
tential target for the prevention and treatment of knee OA.
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